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Abstract.—We provide information on 255 species of scale insects that are considered

adventive or introduced in the United States. Included for each species, where applicable,

is reference to: the state and earliest collection date in which the invader was first dis-

covered; whether it is currently established in the United States; its pest status in the

United States along with a validation citation; its principal hosts; and its zoogeographical

region of origin. Information is provided about trends of pest introductions and on native

scale-insect pests in the United States.

Key Words: scale insects, adventive species, invasive species, exotic species, pests, geo-

graphic origin

Scale insects are major agricultural pests

and pose serious problems when introduced

into new areas of the world without natural

enemies. Historically, introduced scale in-

sects have fostered the development of

strategies for dealing with exotic pests ei-

ther after they were detected in the United

States or for prevention of new introduc-

tions. Devastation caused by the cottony

cushion scale, Icerya purchasi Maskell, in

California was one of the reasons for the

beginning of a new subdiscipline in ento-

mology called biological control (Van

Driesche and Bellows 1996). The introduc-

tion of the San Jose scale, Diaspidiotus per-

niciosus (Comstock), a serious pest of stone

fruit crops, also had major impact and was

one of the primary reasons that Congress

passed the U.S. Plant Quarantine Act in

1912 (Marlatt 1920).

In the past 20 years, 21 new exotic spe-

cies of scale insects have been detected in

the continental United States. Of these. 1

1

currently are considered pests and several

others have pest potential. Some of the

most serious pest introductions are: white

mango scale, Aulacaspis tubercukihs New-
stead, a pest of mango first detected in

2002; cycad aulacaspis scale, Aulacaspis

yasmmnatsiii Takagi, a pest of cycads de-

tected in 1996; hibiscus mealybug, Maco-

nellicocciis hirsutits (Green), a polyphagous

pest that is common on hibiscus detected in

1999; miscanthus mealybug, Miscanihicoc-

cus miscaiithi (Takahashi), a pest of mis-

canthus grass detected in 1989; papaya

mealybug, Paracoccus niari^inatus Wil-

liams and Granara de Willink. a pest of pa-

paya and hibiscus detected in 1999; lobalc

lac scale, Paratachardina lohata (Cham-
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berlin), a pest of numerous ornamental and

native species detected in 1999; black par-

latoria scale, Parlatoria ziziphi (Lucas), a

pest of citrus detected in 1985; and vine

mealybug, Planococcus ficus (Signoret), a

pest of fig and grapes detected in 1994.

Although one of us (DRM) has partici-

pated in several programs aimed at gaining

definitive data on introduced insects in the

United States, e.g., McGregor (1973), Sail-

er (1978, 1983), no comprehensive analysis

is available on the adventive scale insects

of the United States. Therefore, the objec-

tives of this study are to: 1) list the adven-

tive scale insects of the United States and

record data on: first detection date in the

United States (with validation source), de-

gree of certainty that the species is adven-

tive, pest status in United States, reference

to pest status when available, principal

hosts, zoogeographic area of origin, vali-

dation source of origin when available, and

eradication status; 2) analyze these data and

determine if patterns exist; and 3) compare

these data with those of Sailer (1978) for

all insects.

Materials and Methods

We have treated species as introduced

only when they are established in an exte-

rior environment. We have excluded species

that were discovered in nurseries or green-

houses and ultimately were eradicated, or

species that were taken in quarantine. As far

as we are aware, no species have been pur-

posefully introduced for biological control,

although at least one, Trabutina mannipara
(Hemprich and Ehrenberg), has been con-

sidered as a biological control agent of salt-

cedar, Tamarix spp. (DeLoach et al. 1996).

Some of the data that we have compiled

are subjective. For example, in trying to de-

termine the area of origin of a species, we
have relied on statements in the literature,

distribution of less widespread congeneric

(and hopefully related), and, in a few in-

stances, our best guess. Determining if a

species is adventive or indigenous has not

always been clear, particularly when it may
have its origin from Nearctic Mexico or

Central America. In some cases, we have

been unable to find evidence or area of or-

igin, and in other situations we have been

unable to decide which of two zoogeo-

graphic regions is the area of origin. Thus,

the statistics given in the tables and charts

do not always add up to the exact number
of invasive species (255).

For recording the earliest record of an ad-

ventive in the United States, we have relied

on published records and specimens ex-

amined in the collections of The National

Entomological Collection of the National

Museum of Natural History, Beltsville,

Maryland (USNM); The Florida State Col-

lection of Arthropods, Gainesville, Florida

(FSCA); and The Bohart Museum, Davis,

California (UCD). It is possible that older

records exist for some species, but we an-

ticipate that the dates reported here are

close approximations of the first U.S. de-

tections. Although some species may have

been introduced in 1700's or earlier, little or

no documentation to verify the time or lo-

cation of these introductions is available.

For most of these, the earliest detection re-

cord is from the 1870's or 1880's when
specimens were first deposited in collec-

tions, even though these species might have

been present decades earlier.

For determining the pest status of a spe-

cies, we have relied on the literature. If

statements are made that a species is a pest,

is causing harm, requires control measures,

is economically important, or some com-
parable comment, we are considering these

species to be pests. Our decisions about

pest-status intensity, i.e., minor pest, pest,

or serious pest, are based on our experience

or statements in the literature. We provided

references on pest status when available.

The principal adventive scale hosts were

grouped in categories that associated large

numbers of scale-insect species. These host-

plant groupings are not always comparable,

e.g., polyphagous vs. tree species, but they

provide useful information on high-risk

host categories. Our definition of polypha-

gous is any known from 10 or more fami-

lies of host plants.
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In our previous papers (Miller et al.

2002, Miller and Miller 2003), we deviated

from the strict definition of an invasive spe-

cies and used it synonymously with adven-

tive, alien, exotic, and immigrant (see

Wheeler and Hobeke 2001 for discussion of

terminology). Here, we restrict the defini-

tion of an invasive species to conform to

prevailing usage, i.e., a species that has in-

vaded a HABITAT (not necessarily a polit-

ical unit) and is causing harm or has the

potential of causing harm.

In compiling statistics about the scale in-

sect fauna, we have grouped the scales into

five categories, i.e., all scales, diaspidids,

pseudococcids, coccids, and all other scale

families.

Results

Based on information in ScaleNet (Ben-

Dov et al. 2003), there are 7,355 species of

scale insects worldwide, 2,369 species of

diaspidids (32% of all scales in the world),

2,048 pseudococcids (28%), 1,129 coccids

(15%), and 1,179 species in all other fam-

ilies (16%). In the continental United

States, there are 1,019 species of scales, 320

species of diaspidids (31% of all scales in

the United States), 356 species of pseudo-

coccids (35%), 105 coccids (10%), and 238

species in all other families (23%). Assum-
ing that these groups have been equally col-

lected and studied (which is unlikely), it ap-

pears that diaspidid diversity is about the

same proportion in the United States as in

the rest of the world, the diversity of pseu-

dococcids and other scale families is high,

and the diversity of coccids is low.

Table 1 provides information on 255

scale-insect species that are hypothesized as

adventives in the United States ( 1 aclerdid.

10 asterolecaniids, 1 cerococcid, 43 coc-

cids, 1 conchaspidid. 132 diaspidids. 5 er-

iococcids, 1 kerriid, 3 margarodids, 1 or-

theziid, 1 phoenicococcid, and 56 pseudo-

coccids). When comparing the number of

introduced species in the United States with

the total number of world species in the five

categories, the percentages for each are

about the same. That is, 255 species of in-

troduced scale insects comprise about 3%
of the world's scale fauna; 132 introduced

diaspidids constitute about 6% of the

world's armored scale fauna; 56 pseudococ-

cids is about 3% of the world's mealybug
fauna; 43 coccids is about 4% of the soft

scale fauna; and 24 is about 1% of the

world's "all other families" fauna. The suc-

cess rate of introduction appears relatively

similar for the five categories of scale in-

sects. The possible exception is the taxa

placed in the "all other families" category,

which may have a slightly lower rate of in-

troduction success.

Examination of the relative size of the

adventive scale diversity in the United

States with that of the native fauna reveals

that more than 25% of the species of all

scale insects in the United States are intro-

duced species. Even more surprising is that

40% of all U.S. diaspidids and coccids

found in the United States are introduced.

Although the adventive loads in the pseu-

dococcids (15%) and "all other families"

(10%) is considerably lower, they still are

high compared with other insect groups.

About 2,000 species of introduced insects

occur in the continental United States, com-

prising only about 1-2% of the total insect

fauna (Wheeler and Hoebeke 2001). The
255 species of introduced scale insects in

the United States represent about 13% of

all adventive insects in the U.S. If we com-

pare the number of United States scales

with the total insect fauna (assuming that

there are 90,000 species of insects in the

United States (Kosztarab and Schacfer

1990)). then the 1.019 scale insects in the

United States comprise only about 1% of

the insect fauna. These numbers reflect an

abnormally large number of introduced

scale insects in the United States compared

with other insect groups.

It is interesting to note that there was a

peak of introductions between 1890 and

1920 (Fig. I), and thai there has been a

steady decline to the present. This trend is

reasonablv consistent for all fi\'C catceories
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® Number of Adventive Scales at 30-year Intervals

Before 1889 1980-present

2 ^ introduction of Scale Families (Overall and Selected) in the U.S.

120

100

All Scale Families DIaspididae Pseudococcidae

Family

Coccldae All other Scale

Families

Figs. 1-2. Adventive scales. 1, Number of adventive scales in the United States recorded at 30-year intervals.

2, Number of adventive scales (overall and selected families) in the United States reported at 30-year intervals.
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Figs. 5-6. Adventive scales. 5, Number o\' adsentivc scale species in the United Slates on specitied hosts.

6, Percent of adventive scale species that are pests in the United States.
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Table 2. List of native U.S. species of scale insects considered pests.

Name of Native Scale Reference to Pest Status

Cerococcidae

Cerococcus parrotti (Hunter)

Cerococcus quercus Comstock

Cerococcus kalmiae Ferris

Coccidae

Mesolecanium nigrofasciatum (Pergande)

Neolecanium cornuparvum (Thro)

Pseiidophilippia quaintancii Cockerell

Pulvinaria acericola (Walsh and Riley)

Pulvinaria hydrangeae Steinweden

Pulvinaria innumerabilis (Rathvon)

Toumeyella liriodendri (Gmelin)

Toumeyella pandcornis (Cockerell)

Toumeyella pini (King)

Diaspididae

Abgrallaspis ithacae (Ferris)

Chionaspis americana Johnson

Chionaspis corni Cooley

Chionaspis furfura (Fitch)

Chionaspis heterophyllae Cooley

Chionaspis pinifoliae (Fitch)

Clavaspis ulmi (Johnson)

Comstockiella sabalis (Comstock)

Cupressaspis shastae (Coleman)

Diaspidiotus ancylus (Putnam)

Diaspidiotus forbesi (Johnson)

Diaspidiotus juglansregiae (Comstock)

Diaspidiotus liquidambaris (Kotinsky)

Diaspidiotus osborni (Newell and Cockerell)

Diaspidiotus uvae (Comstock)

Hemiberlesia neodiffinis Miller and Davidson

Melanaspis obscura (Comstock)

Melanaspis lilacina (Cockerell)

Melanaspis tenebricosa (Comstock)

Nuculaspis californica (Coleman)

Quernaspis quercus (Comstock)

Rhizaspidiotus dearnessi (Cockerell)

Eriococcidae

Eriococcus azaleae Comstock
Eriococcus coccineus Cockerell

Eriococcus quercus (Comstock)

Kermesidae

Allokermes kingii (Cockerell)

Eriokermes gillettei (Tinsley)

Nanokermes folium Bullington and Kosztarab

Lecanodiaspididae

Lecanodiaspis prosopidis (Maskell)

Margarodidae

Eumargarodes laingi Jakubski

Margarodes meridionalis Morrison

Matsucoccus acalyptus Herbert

Lambdm and Kosztarab 1977
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Table 2. Continued.

Name of Native Scale Reference to Pest Status

Matsucoccus bisetosus Morrison

Matsucoccus gallicolus Morrison

Matsucoccus vexillorum Morrison

Stomacoccus platani Ferris

Xylococculus betulae (Pergande)

Xylococculus macrocarpae (Coleman)

Pseudococcidae

Ehrhornia cupressi (Ehrhom)

Oracella acuta (Lobdell)

Paracoccus juniperi (Ehrhom)

Phenacoccus acericola King

Phenacoccus gossypii Townsend and Cockerell

Phenacoccus madeirensis Green

Phenacoccus minimus Tinsley

Phenacocus solani Ferris

Pseudococcus maritimus (Ehrhom)

Pseudococcus viburni (Signoret)

Rhizoecus floridanus Hambleton

Rhizoecus simplex (Hambleton)

Trionymus haancheni McKenzie

Putoidae

Puto cupressi (Coleman)

Puto sandini Washburn

McKenzie 1942
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® Native and Adventive Scale Pests in the U.S.

70

60

?50

^40 iiiil

native species

i adventive species

54

All Scale Families Diaspididae Pseudococcidae Coccidae All other Scale Families

Fig. 7. Adventive scales in relation to native scales as pests in the United States.

that 24 species of Coccoidea represented

24% of the total "exotic" arthropod pests

of fruit crops in New Zealand.

Gill (1997) summarized information on

the rather impressive list of diaspidid spe-

cies that have been eradicated or have not

been detected after a period of establish-

ment in California. Species such as Hall

scale, Mercetaspis halli (Green), and date

palm scale, Parlatoria blanchardi (Targioni

Tozzetti), required major, long-term eradi-

cation effort (Boyden 1941, Fosen et al.

1953), but the successful elimination of

these pests may have saved of millions of

dollars annually. Gill (1997) mentioned 25

species of armored scales as having been

eradicated or disappeared, an impressive re-

cord when compared with eradication suc-

cess in many other invasive insects. Unfor-

tunately, no comparable information on

eradication efforts in other states is avail-

able.

Summary

1) There are 255 introduced scale-insect

species in the United States and a total

scale-insect fauna of 1,019 species.

2) The U.S. fauna includes an unusually

large number of introduced scale insects

compared with most other insect groups.

3) The largest number of introduced scale

insects originated in the Palearctic Re-

gion and they usually are polyphagous.

4) Of the 255 introduced species, about

75% are pests.

5) Of the 766 indigenous U.S. scale spe-

cies, only about 8% are pests.

6) The largest number of introduced scale

species was detected between 1890 and

1920, and the number of introductions

has decreased over time.

7) Recent rates of detection are about one

species each year, which is dramatically

increasing the pest load, placing an ever-
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increasing pest burden on U.S. agricul-

ture.
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